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- A l t e r n a t e  m i s s i o n s  were  s t u d i e d  w i t h  d u r a t i o n s  of  

56 d a y s  a t  i n c l i n a t i o n s  of 28 1/2O, 50' and 63.5'. 
rnl- - 
I I I ~  CM-SM and LM-ATM a r e  1aunciit.d s e p a r a t e l y  a r ~ d  r e n d e z v o u s  

and  dock  i n  o r b i t .  A t t i t u d e  c o n t r o l  i s  w i t h  t h e  CNG s y s t e m  

on t h e  124-ATM. 

Both  c i r c u l a r  and e l l l p t i c a l  o r b i t s  were s t u d i e d .  

E l l i p t i c a l  o r b i t s  a r e  of  a d v a n t a g e  o n l y  a round  t h e  J u n e  

s o l s t i c e .  They offer c o n t i n u o u s  s o l a r  v i e w i n g  for up tl; 

5 d a y s  over  a 280 km a tmosphere .  

M i s s i o n s  of 28 days d u r a t i o n  a t  i = 50° u s i n g  

CC>ritinucijs ~r f i~ !  r c t a t i o n  sc+cdul_irl;'j; c a n  c ~ ~ e n ~ ~ ~ i l g  . .  -. p ; . e ~  . ~ i ? , e  * -  

ATM e x p e r i m e n t  r e q u i r e m e n t s .  Major sys t em changes  are n o t  

r e q u i - r e d .  
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7: NT R OD u c T I'o N 

T h i s  r e p o r t  p r e s e n t s  t h e  r e s u l t s  o f  a b r i e f  s t u d y  o f  
a1ternat.e m i s s i o n s  f o r  t h e  AAP s o l a r  as t ronomy m i s s i o n ,  u s u a l l y  
r e f e r r e d  to as t h e  ATM% Miss ion .  A l t e r n a t e  m i s s i o n s ,  as u s e d  
h e r e ,  a r e  a s p e c i a l  c a s e  o f  ATM c o n t i n g e n c y  m i s s i o n s  i n  which  
t h e  d e c i s i o n  n o t  t o  c l u s t e r  the  O r b i t a l  Workshop, LM-ATM, and 
CM-SM i s  made p r i o r  to t h e  l a u n c h  of b o t h  t h e  l a t t e r  two 
s p a c e c r a f t .  I n  t h i s  c a s e  freedom e x i s t s  to v a r y  t h e  m i s s i o n  
p a r a m e t e r s  to o p t i m i z e  t h e  e x p e c t e d  s c i e n t i f i c  y i e l d .  

The p u r p o s e  o f  t h e  s t u d y  was to: 

( a )  d e v e l o p  ATM P;lission a l - t e r n a t i v e s  to t h e  
b a s e l i n e  C l u s t e r  M i s s i o n  f o r  the e v e n t u -  
a l i t y  t h a t  t h e  l a t t e r  m i s s i o n  c a n n o t  be 
f l o w n ,  

( b )  compare t h e  e x p e c t e d  s c i e n t i f i c  y l e l d  
w j t h  t h e  C l u s t e r  M i s s i o n ,  and 

( c >  i d e n t i f y  a d d i t i o n a l  s y s t e m  r e q u i r e m e n t s  
for t h e  a l t e r n a t i v e s  c o n s i d e r e d .  

AREAS OF STUDY 

The s t u d y  c o v e r e d  t he  f o l l o w i n g  t o p i c s :  

S p a c e c r a f t  Weight 
Pe r fo rmance  A n a l y s i s  
S o l a r  Viewing 
S c i e n t i f i c  Y i e l d  
A t t i t u d e  Control 
E l  e c t r 3. c a 1 Po we r 
S t r u c t u r e s  
R a d i a t i o n  Dose Leve l s  f o r  Men and Fi lm 
Computer Sys tems Impact 
T r a c k i n g  and Communication Coverage .  

* 
Apol.10 Tel .escopc Nount . 

' .  
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Memoranda on t h e s e  s u b j e c t s  follow t h i s  summary i n  
t h e  o r d e r  i n d i c a t e d .  T h i s  sunirnary c o n t a i n s ,  i n  a d d i t i o n ,  a 
b r i e f  r e v i e w  o f  a N a r t i n  M a r i e t t a  C o r p o r a t i o n  s t u d y  o f  ATM 
Exper imen t  s c h e d u l i n g  ( R e f .  1) p l u s  t h e  c o n c l u s i o n s  of t h e  
c u r r e n t  s t u d y .  

ASSUMPTIONS A N D  CONDITIONS 

The o r b i t a l  c o n f i g u r a t i o n  employs s e p a r a t e l y  l a u n c h e d  
CM-SM and LM-ATM s p a c e c r a f t  docked on t h e  a x i s  o f  symmetry 
( x  a x i s ) .  The m i s s i o n  i s  f lown w i t h  t h e  symmetry a x i s  a l i g n e d  
w i t h  t h e  ‘solar v e c t o r .  S t a b i l i z a t i o n  and c o n t r o l  a re  a c h i e v e d  
w i t h  t h e  c o n t r o l  moment g y r o  s y s t e m  (CMG) on t h e  LM-ATM as i n  
t h e  b a s e l i n e  C l u s t e r  M i s s i o n .  While t n i s  a t t i L u d e  i s  non-optimum 
f rom t h e  s t a n d p o i n t  of  b i a s  momentum a c c u m u l a t i o n  i n  t h e  CMG 
s y s t e m  i t  i s  t h e  o n l y  p o s s i b l e  o r i e n t a t i o n  g i v e n  t h e  c u r r e n t  
h a r d w a r e .  

The 

1. 

2 .  

? 3 . 

4.  

f o l l o w i n g  a s s u m p t i o n s  and c o n d i t i o n s  were employed:  

S a t u r n  I-B l a u n c h  s y s t e m .  

M i s s i o n  D u r a t i o n .  Three  c a s e s  i n i t i a l l y  s p e c i -  
f i e d ,  1 4  d a y s ,  28  d a y s ,  and  56 d a y s .  The 14 
day c a s e  was dropped  from c o n s i d e r a t i o n  s i n c e  
it i s  unacceptab1.e f rom t h e  s c i e n t i f i c  y i e l d  
s t a n d p o i n t .  

AAP S t a n d a r d  CM-SM 

( a >  Average Power L e v e l  o f  2 .8  KW. LM-ATM 
e l e c t r i c a l  power s y s t e m  s u p p l i e s  1 KW 
t o  t h e  CM-SIII. 

( b )  Weight - A s  d e t a i l e d  i n  t h e  w e i g h t  memo- 
randum. 

LM-ATM 

LM-A B a s e l i n e .  

P r imary  b a t t e r y  c a p a c i t y  - R e t a l n  LM--A 
b a s e l i n e  Program Requ i remen t s  Review 
(PIIR) c o n f i g u r a t i o n  o f  30 Kwhr . 

0 

Weight - As d e t a i l e d  i n  t h e  w e i g h t  
memorandum. 
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5.  M i s s i o n  Mode 

( a )  LM-ATM l a u n c h  i s  f i r s t .  

( b )  No s o l a r  a r r a y  deployment  p r i o r  to 
CM-SM d o c k i n g .  

( c )  CM-SM Launch t o  O r b i t  - Two c a s e s : '  
( i )  S-IB i n s e r t i o n  
( i i )  SPS s u b o r b i t a l  t h r u s t i n g  maneuver .  

( d )  Rendezvous i n  low e a r t h  o r b i t .  

( e )  SPS t h r u s t t n g  inaneuver (s )  t o  f i n a l  o r b i t .  

( f )  R C S  Backup d e o r b i t  c a p a b i l i t y  i s  r e q u i r e d .  
.. 

6 .  D u r a t i o n '  and O r b i t a l  Parameters 

T a b l e  I summarizes t h e  c a s e s  examined and 
i n d i c a t e s  which  r e q u i r e  t h e  u s e  o f  t h e  SPS 
s u b o r b i t a l  t h r u s t i n g  maneuver .  

S U M M A R Y  OF RESULT'S 

1. Performance  A n a l y s i s  

( a )  High I n c l i n a t i o n  O r b i t s  - M i s s i o n s  o f  28 d a y s  d u r a t i o n  
a r e  poss5bl-e at 50' i n c l j n a t i o n  wj.thout t h e  2 1 / 2  
s tage  t o  o r b i t %  c a p a b i l i t y  and w i t h o u t  yaw s teer i r ig  
OP t h e  laillrch v e h i c l e .  E x  0fil.y n o r t h e r l y  lai-1.nches 
are  p o s s i b l e .  

M i s s i o n s  of  28 days  a t  63.5' i n c l i n a t i o n  and  56 
d a y s  a t  50' i n c l i n a t i o n  r e q u i r e  2 1 / 2  s t a g e s  to 
o r b i t  c a p a b i l i t y .  
i n  a d d i t i o n ,  yaw s t e e r i n g  o f  t h e  S-IVB s tage .  

The 63.5O i n c l i n a t i o n  r e q u i r e s ,  

8 
2 1 / 2  s t a g e s  t o  o r b i t  i s  a program d e s c r i p t i o n  f o r  SM 

SPS s u b o r b i t a l  t h r u s t i n g .  

+ x  
A t e n t a t i v e  c o n c l u s i o n  w i t h  r e s p e c t  t o  yaw s t e e r i n g .  

Range . a p p r o v a l  f o r  t h e  l aunch  p r o f i l e  r e q u i r e s  d e t a i l e d  
mPss ion  p l a n n i n g  and comple te  impact  p o i n t  d i s p e r s i o n  
a n a l y s i s .  

c 
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( b )  M i s s i o n  Mode - The  LM, l aunched  f i r s t ,  i s  i n s e r t e d  
i n t o  a n  80 x 150 n .  m i .  o r b i t  and c i i ? c u . l a r i z e d  at 
150 n .  m i .  w i t h  t h e  RCS sys t em.  The CF4-SM i s  
i n s e r t e d  i n t o  a lower  a l t i t u d e  o r b i t ,  f o r  p h a s i n g  
r e a s o n s ,  1 to 4 days  l a t e r .  A f t e r  r endezvous  t h e  

' SPS i s  used  to o b t a i n  f i n a l  o r b i t .  The apogee of 
e l l i p t i c a l  o r b i t s  may be l o c a t e d  w i t h o u t  c o n s t r a i n t .  
Normal r e t u r n  from e l l - i p t i c a l  o r b i t  i s  t o  c i r c u -  
l a r i z e  w i t h  t h e  SPS f o l l o w e d  by a second  b u r n  for 
c d n t r o l  of touchdown. Backup d e o r b i t  uses  R C S  b u r n  
a t  apogee .  

( c )  Rendezvous i n  a h i g h  i n c l i n a t i o n  o r b i t  may r e q u i r e  
up to 3 d a y s  f 'or p h a s i n g .  

2 .  S o l a r  Viewing 

( a )  The e f f e c t  o f  i n c l i n a t l o n  on total s o l a r  v i e w i n g  
t i m e  for c i r c u l a r  o r b i t s  o f  t h e  same a l t i t u d e  i s  
n o t  l a r g e . *  The i n c r e a s e d  i n c l i n a t i o n  a d d s ,  at 

. mos t ,  lO-l5% to t h e  t o t a l  solar v i e w i n g  t i m e .  

. ( b )  E l l i p t i c a l  o r b i t s  do n o t  i n c r e a s e  t o t a l  solar 
v i e w i n g  t i m e  a p p r e c i a b l y  FJhen compared with t h e  
c o r r e s p o n d i n g  c i r c u l a r .  o r b i . t . % %  Example: 28 
day  m i s s i o n s ,  J u n e  s o l s t i c e  l a u n c h ,  i = 50°,  
150  x 1100 n .  m i .  g i v e s  1\78 hrs., 300 x 300 n.  m i .  
g i v e s  465 hrs. 

t i m e .  Examplet, 28 day  m i s s i o n s ,  J u n e  s o l s t i c e  
l a u n c h ,  i = 50 , 400 x 150 n .  m i .  g i v e s  5 d a y s ,  
300 x 300 n .  m i .  g i v e s  0 d a y s .  

l a u n c h e d  n e a r  t h e  J u n e  s o l s t i c e .  The a d v a n t a g e s  
are  c o n t i n u o u s  solar vi.ewi.ng f o r  s e v e r a l  d a y s  and 
l e s s  r a d i a t i o n  dose  t h a n  t h e  comparable  c i r c u l a r  
o r b i t .  

( C )  b ; l l i y t i . c a l  orbits c ~ h ~ n c e  c:<>;-~f.:.? j-!i-i.c:ii.:.s S G ~  3 7  ~ J : ~ : . : ~ z K  _ _  

( d )  E l - l i p t i c a l  o r b i t s  a r e  o n l y  o f  u t i l i t y  f o r  m i s s i o n s  

% 
The i = 28.5' c a s e  i s  p e n a l i z e d  somewhat i n  t h i s  compar i son .  

Launch v e h i c l e  pe r fo rmance  marg ins  p e r m i t  a h igher  a l t i t u d e  at 
28 1 / 2 0  i n c l i n a t i o n  b u t  r a d i a t i o n  l i m i t s  may make t h i s  o p t i o n  
u n a t t r a c t i v e .  The way to t a k e  t h e  t r a d e  i s  i n  i n c r e a s e d  m i s s i o n  
d u r a t i o n ,  i f  t h i s  i s  f e a s i b l e .  

* %  
C o r r e s p o n d i n g  o r b i t s  i n  t h i s  neri1orandum i m p l i e s  u s i n g  t h e  

l a u n c h  v e h i c l e  t o  i t s  per formance  l l m i t  g i v e n  the r e q u i r e m e n t s .  
a p p r o p r i a t e  t o  t h e  o r b i t s  and t h e  d u r a t i o n .  

. .  
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( e )  E a r t h  h o r i z o n  ( 2 8 0  km a t m o s p h e r e )  - s u n  l i n e  a n g l e s  
are a c c e p t a b l e  f o r  t h e  co ronograph  e x p e r i m e n t .  

( f )  Maximum s o l a r  v i ewing  a t  J u n e  s o l s t i c e  r e q u i r e s  a 
. n i g h t  t i m e  l a u n c h .  

3 .  S c i e n t i f i c  Y i e l d  __ 

( a )  D u r a t i o n  i s  t h e  most s i g n i f i c a n t  p a r a m e t e r .  The 56 
d5y c l u s t e r  m i s s i o n  i s  p r e f e r a b l e  to a 28 day a l t e r n a t e  
m i s s i o n .  

( b )  P r o b a b i l i t y  o f  f l a r e  d e t e c t i o n  i s  improved a t  h i g h  
i n c l i n a t i o n  50" or 63.50  o v e r  28.5" as  a consequence  

' of l o n g e r  s o l a r  v iewing  t i m e  ( . 7 8  v s .  . 7 1 ) .  

( c )  The re  i s  a premium on ea f - ly  l a u n c h  b e c a u s e  o f  t h e  
d e c r e a s i n g  s o l a r  a c t i v i t y  i n  t h i s  t i m e  p e r i o d .  

4 .  A t t i t u d e  C o n t r o l  

No m a j o r  p rob lems  are f o r e s e e n  i n  c o n t r o l l i n g  t h e  
CM-SM/LM-ATM w i t h  t h e  CMG s y s t e m .  The P o i n t i n g  C o n t r o l  
Sys tem s h o u l d  be a b l e  to meet t h e  ATM a c c u r a c y  r e q u i r e -  
ments  w i t h o u t  c h a n g e .  

The s t u d y  b u d g e t e d  1 0  I b s .  p e r  day  RCS p r o p e l l a n t  f o r  
CMG d e s a t u r a t i o n  o f  b i a s  momentum. Thi . s  amount i s  c o n s e r -  
va.t.i.ve f o r  c i r c u l a r  o r b i . t s  arid can  be red-uced by a.bout 

g r a d i e n t  d e s a t u r a t i o n  method i s  emp3.oyed. T h e  e l l i p t i c a l  
o r b i t  has an  a d d i t i o n a l  b i . a s  momenturn a c c u m u l a t i o n  
a r i s i n g  from t h e  aerodynamic t o r q u e  wh9ch has not been  
f u l l y  a s s e s s e d . %  A p r e l i m i - n a r y  e s t i m a t e  of  t h e  a d d i t i o n a l  
r e q u i r e m e n t  i s  l 5 O - 2 O O  lbs. o f  RCS p r o p e l l a n t .  

2 0 0  1bs. eve11 f o r  5ac) Iriciii-iatizYi ;i:lssjo:: if 2 bA r p F > x r ; t y  L' " . 

c 

The s t a r  t r a c k e r  i s  no l o n g e r  r e q u i r e d  f o r  t h e  o r b i t a l .  
p l a n e  r e f e r e n c e  b u t  is r e q u i r e d  f o r  t h e  r o l l  r e f e r e n c e  as 
i n  t h e  c l u s t e r  c o n f i g u r a t i o n .  Depending on the roll o r i e n t a -  
t i o n  i n  t h e  a l t e r n a t e  m i s s i o n  t h e r e  migh t  be a change  re-' 
q u i r e d  i n  t h e  s t a r  t r a c k e r  l o c a t i o n  or t h e  g i n b a l  l i m i t s .  
There  i s  one roll o r i e n t a t i o n ,  t h a t  which a l i g n s  t h e  LM-ATM 
as i n  t h e  C l u s t e r  m i s s i o n ,  which r e q u i r e s  no change  i n  the 
s ta r  t r a c k e r .  

sk 
We are  i n d e b t e d  to Prank L i t t l e t o n  o f  MSC for t h d . s  

o b s e r v a t i o n .  
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E l e c t r i c a l  Power 

It  i s  n o t  c l e a r  a t  t h i s  t i m e  whether ,  as assumed,  t h e  
LM-ATril EPS c a n  s u p p l y  1 KW o f  e l e c t r i c a l  power t o  t h e  CM-SM 
on  a m i s s i o n  a v e r a g e  bas i s .  It i s  c l e a r  t h a t  l e s s  t h a n  1 KW 
i s  a v a i l a b l e  a t  B = O o .  The f i g u r e  i s  p r o b a b l y  more n e a r l y  
400-500 watts. The problem i s  b a t t e r y  t e m p e r a t u r e  which 
l i m i t s  t h e  power l e v e l  t o  200  watts p e r  b a t t e r y  or 3600 
watts  f o r  t h e  sys t em o u t  o f  3300  watts which s h o u l d  be 
a v a i l a b l e .  I n c r e a s e d  power s h o u l d  be a v a i l a b l e  a t  h i g h e r  
B a n g l e s .  The NSFC s t u d y  o f  t h e  thermal  p rob lem on t h e  
b a t t e r i e s  as a f u n c t i o n  o f  B i s  n o t  c o m p l e t e .  

P r o v i d e d  i t  i s  p o s s i b l e  t o  u t i l i z e  t h e  i n c r e a s e d  s o l a r  
power a v a i l a b l e  a t  h i g h e r  B a n g l e s ,  t h e  h i g h  i n c l i n a t i o n  
m i s s i o n s  o f f e r  more p o t e n t i a l  i n  t h i s  r e g a r d  t h a n  t h e  28.5' 
i n c l i n a t i o n  m i s s i o n s .  

S t r u c t u r e s  - 
No new p rob lems  a re  a n t i c i p a t e d  . 

- R a d i a t i o n  Dose _ _ _  L e v e l s  

T h e r e  d o e s  n o t  a p p e a r  to be a r a d i a t i o n  problem f o r  
t h e  crew on t h e  a l t e r n a t e  m i s s i o n s  s t u d i e d .  F i l m  f o g g i n g  
does a p p e a r  t o  p o s e  a d i f f i c u l t y  and  may l e a d  t o  a r e q u j - r e -  
ment f o r  s h i e l d i n g  i f  t h e  f i l m  i s  s t o r e d  i n  t h e  LM. 

IC1 1 i p t i  cal O r b i t s  w i th  pc r jgee  c o n s t r a i n e d  t o  t h e  
s o u t h e r n  hemisphe re  have l e s s  r a d i a t i o n  exp;osuiie than 
t h e  corresponding c i r c u l a r  o r b i t .  The compar i son  f o r  t h e  
LM i s  r o u g h l y  25 RADS v s .  50 RADS f o r  a 28 day m i s s i o n .  
R a d i a t i o n  d o s e  l e v e l  l i m i t s  p roposed  f o r  t h e  ATDl f i l m  
r a n g e  from 1 0  t o  20 RADS. 

Computer Systems Impact  

P r e s e n t  ground and s p a c e c r a f t  s y s t e m s  a p p e a r  a d e q u a t e  
t o  s u p p o r t  t h e  a l t e r n a t e  m i s s i o n s  s t u d i e d .  

T r a c k i n g  and Communication Coverage 
_ .  

Launch c o v e r a g e  f o r  50' and 63.5' i n c l i n e d  o r b i t s  
w i l l  r e q u i r e  two t r a c k i n g  s h i p s .  

. .  
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Network c o v e r a g e %  d u r i n g  t h e  m i s s i o n  i s  n o t  a s t r o n g  
f u n c t i o n  of i n c l i n a t i o n .  
a t  230 x 230 n .  m i . ,  i = 28.5  t o  20 .9% a t  150 x 400 n .  m i . ,  
i = 5 0 ° . a n d  UHF c o v e r a g e  d r o p s  from 2 9 . 4 %  to 2 7 . 4 % .  

VMFocoverage d r o p s  f rom 2 7 . 2 %  

1 0 .  ATM 'Exper imen t  S c h e d u l i n g  

A M a r t i n  klarietta C o r p o r a t i o n  ( M M C )  r e p o r t  of' ATM 
e x p e r i m e n t  s c h e d u l i n g  (Ref .  1) has become a v a i l a b l e  s i n c e  
t h i s  s t u d y  was c o m p l e t e d .  The r e s u l t s  a re  u s e f u l  h e r e  and 
a b r i e f  summary . i s  i n  o r d e r .  

ATM Exper imen t  Requ i remen t s  

These a r e  s e p a r a t e d  i n t o  p r i m e  t i m e  and r i d e r  t i m e  
r e q u i r e m e n t s .  To ta l .  r e q u i r e m e n t s  a r e  t h e  sum of  t h e  two.  
C o n c u r r e n t  o p e r a t i o n  o f  e x p e r i m e n t s  i s  n e c e s s a r y  i n  a l l  cases  
t o  o b t a i n  e x p e r i m e n t  t i m e  commensurate w i t h  the r e q u i r e m e n t s .  

of r i d e r  t i m e  are  r e q u i r e d .  
. MMC p r o j e c t i o n s  i n d i c a t e  3 2 9  h o u r s  p r ime  t i m e  and 305 h o u r s  

Pr ime T i m e  -- 

i t s  r e q u i r e m e n t s  c o n t r o l  p o i n t i n g ,  s t a b i l i t y  and d u r a t i o n  of' 
a t t i t u d e  h o l d .  

T h i s  i s  t i m e  a s s i g n e d  t o  a p a r t i c u l a r  e x p e r i m e n t  where 

R i d e r  T i m e  

T h i s  i s  time b.~'!-!ei?e 2. r , z ~ - + ~ ? . c ~ i I z ~  I- - ~ x ~ e r i m n n t  hzs rcqi.il r e -  
m e n t s  which  a r e  conmon w i t h  r e s p e c t  to p o i n i l ~ n g  and s u b o r d i n a t e  
w i t h  r e s p e c t  to s t a b i l i t y  and d u r a t i o n  t o  a n o t h e r  e x p e r i m e n t  
which  i s  p r ime  a t  t h i s  moment. 

C l u s t e r  Mri.s s i o n  

The 56 day C l u s t e r  M i s s i o n  e x p e r i m e n t  t i m e  e x c e e d s  t h e  
p r lme  t i m e  r e q u i r e m e n t s  f o r  t h e  s u n  c e n t e r e d  and f l a r e  modes 
and  p r o v i d e s  6 7 . 9 %  and 9 0 . 1 %  o f  t h e  q u i e t  s u n  and a c t i v e  o f f s e t  
mode r e q u i r e m e n t s  r e s p e c t i v e l y .  R ide r  t i m e  p r o v i d e s  a d d i t i o n a l  
d a t a  f o r - a l l  modes. I f  t h e  p r i m e  and r i d e r  t i m e  r e q u i r e m e n t s  
a re  t a k e n  t o g e t h e r ,  t h e  C l u s t e r  M i s s i o n  e x p e r i m e n t  t i m e  e x c e e d s  
r e q u i r e m e n t s  i n  a l l  modes.  

H 
% T i m e  i n  C o n t a c t .  
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A l t e r n a t e  N i s s i o n  

The  a l t e r n a t e  m i s s i o n ”  s t u d i e d  by MMC u t i l i z e d  a 
210 x 210 n .  m i . ,  i = 50° o r b i t .  Launch t ime of 4 A . M . ,  
May 15,  1 9 7 1  was assumed.  T h i s  d a t e  was s e l e c t e d  a s  c o n s i s -  
t e n t  w i t h  t h e  ML-14 s c h e d u l e .  The e a r t h ’ s  a t m o s p h e r e  was 
t a k e n  as 1 2 0  km. 

The t i m e  l i n e  a n a l y s i s  was done for two crew 
s c h e d u l i n g ’  c o n d i t i o n s :  

U s u a l  P r o c e d u r e  - Normal Ground R u l e s  f o r  
C r e w  S c h e d u l i n g  

Con t inuous  C r e w  R o t a t i o n  - Cont inuous  manni-ng 

The a n a l y s i s  shows t h a t  c o n t i n u o u s  crew r o t a t i o n  

of  ATM e x p e r i m e n t s .  

i s  n e c e s s a r y  t o  meet t h e  expe r imen t  r e q u i r e m e n t s .  For 
most o f  t h e  modes, i . e .  s u n  c e n t e r e d ,  q u i e t  s u n ,  and a c t i v e  
o f f s e t ,  t h e  t i m e  m a r g i n s  are  n o t  g r e a t .  T h i s  i m p l i e s  t h a t  
o p t i m i z a t i o n  of t h e  a l t e r n a t e  m i s s i o n s  i s  n e c e s s a r y ,  s i n c e  
t h e  m i s s i o n  a n a l y z e d  was n e a r  optimum, t o  f u l l y  meet  t h e  
e x p e r i m e n t  r e q u i r e m e n t s .  

S i n c e  t h e  M a r t i n  M a r i e t t a  s t u d y  u s e d  a s i g n i f ? -  
c a n t l y  lower  a l t i t u d e  and a t m o s p h e r i c  h e i g h t  t h a n  t h e  Bellcomm 
s t u d y ,  t h e  Bellcomm computer  program was u s e d  t o  d e t e r m j n e  
t o t a l  solar v i e w i n g  time usi.ng t h e  M a r t i n - M a r i e t t a  o r b i t a l  
p a r a m e t e r s .  The r e s u l t  showed 451. h o u r s  Z’or ‘ihc c l r c i i l a r  
o r b i t  compare6 wI.th 478  hour^ f o r  t h e  e l l i p t l c a l  o r b i t  u s e d  
i n  t h e  ,Bellcomm s t u d y .  T h i s  c o n j u n c t l o n  a p p e a r s  to j u s t i f y ,  
t o  a f i r s t  a p p r o x i m a t i o n ,  t h e  c o n c l u s i o n s  o f  t h e  MMC t i m e  
l i n e  a n a l y s i s  t o  t h e  m3.ssions s t u d i e d  h e r e .  

3E 
T. R .  Heaton ,  M a r t i n  Marietta C o r p o r a t i o n  - V e r b a l  

Communicat ion.  

8 %  
R e f e r e n c e  2 t a b u l a t e s  t h e  p e r c e n t a g e  of p r ime  t i m e  and  

shows less t h a n  1 0 0 %  f o r  t h e  q u i e t  o f f s e t  ( 6 7 . 9 % )  and a c t i v e  
o f f s e t  ( 9 0 . 1 % )  modes u s i n g  c o n t i n u o u s  crew s c h e d u l - i n g .  These 
p e r c e n t a g e s  a r e  t h e  same as f o r ,  t h e  C l u s t e r  M i s s i o n .  Adding 
r i d e r  t i m e ,  as MMC w i l l  d o  i n  t h e  f i n a l .  r e p o r t ,  b r i n g s  t h e s e  
p e r c e n t a g e s  o v e r  t h e  1 0 0 %  l e v e l .  
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The 56 day C l u s t e r  Missrion i s  s u p e r i o r  t o  t h e  28 day  
a l t e r n a t e  m i s s i o n s  i n  terms o f  e x p e c t e d  s c i e n t i f i c  y i e l d .  

A l t e r n a t e  m i s s i o n s  c a n  e s s e n t i - a l l y  meet t h e  ATM e x p e r i m e n t  
r e q u i r e m e n t s  p r o v i d e d  c o n t i n u o u s  crew s c h e d u l i n g  1.s f e a s i b l e .  
A h i g h  i n c l i n a t i o n  o r b i t ,  approxi .mate ly  50°, and a s o l s t i c e  
l a u n c h  a re  p r e f e r r e d .  

Miss ior i s  w i t h  o r b i t a l  i n c l i n a t l o n  of  50° show 10-15% 
more t o t a l  solar viewi-ng time t h a n  e q u a l  d u r a t i o n  mi s s ims  
a t  2 8 . 5 O .  

O r b i t a l  i n c l i n a t i o n  of 63 .5O i s  less e f f e c t i v e  w i t h  r e s p e c t  
t o  total. solar v i e w i n g  t i m e  t h a n  50° and r e q u i r e s  s i g n i f i c a n t  
s y s t e m  changes ,  i . e . ,  2 1 / 2  stages to o r b i t  and yaw s t e e r i n g  
d u r i n g  boost. 

The e l l i p t i c a l  o r b i t  m i s s i o n ,  i = 50°, 150  x 400  n .  m i .  
o f f e r s  t h e  p o s s i b i l i t y  of 5 days  of  c o n t i n u o u s  s o l a r  
v i e w i n g  i f  l aunched  a t  t h e  J u n e  s o l s t i c e .  

The way to i n c r e a s e  t h e  e f f e c t i v e n e s s  of t h e  a l t e r n a t e  
m i s s i o n s  i s  t o  e x t e n d  d u r a t i o n  beyond 28 d a y s .  

Major  sys t em m o d i f i c a t i o n s  a r e  n o t  r e q u i r e d .  

Y a w  s t e e r i n g  d u r i n g  l a u n c h  and 2 l / 2  stages to o r b i t  
are  n o t  w o r t h  t h e  cost. 

E l e c t r i c a l  poxer  may b e  a problem and. requires 
f u r t h e r  s t u d y .  At w o r s t ,  and t h i s  i s  n o t  e x p e c t e d ,  
m i s s i o n  d u r a t i o n  may b e  s l i g h t l y  c u r t a i l e d .  

S h i e l d i n g  of f i l m  may, be r e q u i r e d  i n  t h e  LM. 

1022-GMA-ms 

A t t a c h m e n t s  

G .  M .  Anderson 
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